Evidence indicates that skeletal muscle lipid droplet-associated proteins (PLINs) regulate lipolysis through protein-protein interactions on the lipid droplet surface. In adipocytes, PLIN1 is thought to regulate lipolysis by directly interacting with comparative gene identification-58 (CGI-58), an activator of adipose triglyceride lipase (ATGL). Upon lipolytic stimulation, PLIN1 is phosphorylated, releasing CGI-58 to fully activate ATGL and initiate triglyceride breakdown. The absence of PLIN1 in skeletal muscle leads us to believe that other PLIN family members undertake this role. Our purpose was to examine interactions between PLIN2, PLIN3, and PLIN5, with ATGL and its coactivator CGI-58 at rest and following contraction. Isolated rat solei were incubated for 30 min at rest or during 30 min of intermittent tetanic stimulation [150-ms volleys at 60 Hz with a train rate of 20 tetani/min (25°C)] to maximally stimulate intramuscular lipid breakdown. Results show that the interaction between ATGL and CGI-58 increased 128% following contraction (P ϭ 0.041). Further, ATGL interacts with PLIN2, PLIN3, and PLIN5 at rest and following contraction. The PLIN2-ATGL interaction decreased significantly by 21% following stimulation (P ϭ 0.013). Both PLIN3 and PLIN5 coprecipitated with CGI-58 at rest and following contraction, while there was no detectable interaction between PLIN2 and CGI-58 in either condition. Therefore, our findings indicate that in skeletal muscle, during contraction-induced muscle lipolysis, ATGL and CGI-58 strongly associate and that the PLIN proteins work together to regulate lipolysis, in part, by preventing ATGL and CGI-58 interactions at rest. adipocyte differentiation-related protein; adipophilin; OXPAT; MLDP; TIP47; ABHD5 FATTY ACIDS (FA) RELEASED from intramuscular triglycerides (IMTG) during lipolysis provide an important source of energy during muscle contraction. In skeletal muscle, IMTGs are packaged into lipid droplets that possess a unique coat of proteins associated with the surrounding phospholipid monolayer. This protein coat provides an interface for specific processes, such as transport, lipogenesis, and lipolysis (10, 34). Perilipins (PLINs) are the most recognized family of lipid droplet proteins and are the most likely to be involved in the regulation of lipogenesis and lipolysis in skeletal muscle (31).
FATTY ACIDS (FA) RELEASED from intramuscular triglycerides (IMTG) during lipolysis provide an important source of energy during muscle contraction. In skeletal muscle, IMTGs are packaged into lipid droplets that possess a unique coat of proteins associated with the surrounding phospholipid monolayer. This protein coat provides an interface for specific processes, such as transport, lipogenesis, and lipolysis (10, 34) . Perilipins (PLINs) are the most recognized family of lipid droplet proteins and are the most likely to be involved in the regulation of lipogenesis and lipolysis in skeletal muscle (31) .
Our understanding of PLIN proteins in skeletal muscle is limited; however, studies in other tissues and in cell culture indicate that PLIN proteins are key regulators of lipid metabolism, as they appear to be directly involved with how cells and tissues store, mobilize, and utilize fatty acids (8, 12, 15, 34, 35, 62) . The PLIN family consists of five members, PLIN1 (perilipin), PLIN2 (adipocyte differentiation-related protein, ADRP), PLIN3 (tail-interacting protein of 47 kDa, TIP47), PLIN4 (S3-12), and PLIN5 (OXPAT, MLDP, and LSDP5) (41) . Each PLIN has a unique tissue distribution and possibly a unique physiological function. To date, PLIN1 is the only protein of this family for which a distinct role has been established, regulating triglyceride storage and lipolysis (for review, see Refs. 4, 69, and 74) . PLIN1 is primarily expressed in adipose tissue and controls adipocyte lipolysis by directly regulating the activity of the lipases surrounding the droplet (11, 42, 55, 60) . Lipolysis is regulated by three lipases, adipose triglyceride lipase (ATGL), the rate-limiting lipase that initiates lipolysis by hydrolyzing the first ester bond releasing the first fatty acid; hormone-sensitive lipase (HSL), which has a high affinity for diacylglycerol as a substrate; and, finally, monoacylglycerol lipase. To fully activate ATGL in adipose tissue, it must be associated with the protein comparative gene identification-58 (CGI-58) (51) . However, in adipocytes, under basal conditions, CGI-58 is bound to PLIN1, thus preventing full ATGL activity (56, 72) . Adipocyte lipolysis is initiated when catecholamines bind to ␤-adrenergic receptors on the cell surface. Through the action of a stimulatory G protein, adenylate cyclase is activated, leading to increased intracellular cAMP and activation of cAMP-dependent PKA. PKA phosphorylates both PLIN1 and HSL (11, 18, 26, 42, 59, 60) . It is the PKA-dependent phosphorylation of PLIN1 that causes the release of CGI-58, leading to the initiation of lipolysis by activating ATGL (4, 18 -21) . Phosphorylation of PLIN1 and HSL promotes the translocation and docking of HSL to PLIN1 on the lipid droplet surface (42, 43, 53, 58, 66) .
Evidence suggests that skeletal muscle lipolysis is regulated by PLIN protein interactions occurring on the lipid droplet surface in a manner similar to that observed in adipose tissue (6, 8, 15) . However, there are a few distinct differences between adipose tissue and skeletal muscle lipolysis. Although adipose tissue lipolysis aims to deliver FAs to other tissues for use, the goal of skeletal muscle lipolysis is to directly provide FAs to the mitochondria for oxidation and energy production. Further, while hormonal regulation of skeletal muscle lipolysis is similar to adipose tissue lipolysis, the full activation of ATGL and HSL in skeletal muscle is likely more complex, involving contractionmediated routes (39) . PLIN1 is not expressed in skeletal muscle, but PLIN2, PLIN3, and PLIN5 are all expressed and may be involved in regulating contraction-induced lipolysis (26, 71) . Previous studies in skeletal muscle have focused on the role of HSL in regulating lipolysis, and there have been few studies investigating PLIN proteins in skeletal muscle. Interestingly, there have been no studies to date investigating the interactions between PLIN proteins, ATGL, and/or CGI-58, in response to contraction in skeletal muscle.
PLIN2 is one of the predominant PLIN proteins found in skeletal muscle (9, 27, 48) . PLIN2 is believed to form a protective coat restricting lipolysis through interactions with lipolytic enzymes (3, 33, 48, 52) . Other studies have supported a role for PLIN2 in limiting the interaction of the lipases with the triglycerides within the lipid droplet (as reviewed in Ref. 5) , but this has yet to be investigated in whole skeletal muscle. In support of this theory, recent work in human skeletal muscle found that PLIN2-associated lipid droplets are preferentially depleted over those lipid droplets not associated with PLIN2 (54) . Further, work in isolated rat soleus indicates that HSL is recruited to lipid droplets and PLIN2 with ␤-adrenergic stimulation or electrically stimulated contraction (48) . Together, these results suggest that PLIN2 expression in skeletal muscle may be related to an enhanced IMTG utilization during contraction.
PLIN3 is one of the least studied of this family of proteins, but the homology of PLIN3 is similar to PLIN2 (44), and PLIN3 compensates for the loss of PLIN2 in Plin2Ϫ/Ϫ-mice (57) . It is speculated that PLIN3 prevents cell death by maintaining mitochondrial membrane potential, although the mechanisms are not fully understood (29) . It is possible that through interactions with skeletal muscle lipases, PLIN3 regulates the delivery of FAs to the mitochondria, thus preventing an overload. It is not presently known whether CGI-58 or ATGL bind to PLIN3 in skeletal muscle.
PLIN5 is unique in that its distribution is restricted to tissues that undergo high rates of lipid oxidation, such as skeletal muscle (specifically type I fibers), cardiac muscle, liver, and brown adipose tissue (8, 44, 47) . Because of this unique distribution, it has been hypothesized that PLIN5 facilitates lipolysis and the oxidation of intracellular lipids in these tissues. In support of this hypothesis, skeletal muscle PLIN5 protein expression is increased under conditions that increase FA oxidation, such as fasting and insulin deficiency (13, 71) . Further, PLIN5 content increases in response to endurance training (47) . Recent work in Plin5Ϫ/Ϫ mice found that the hearts lacked detectable lipid droplets and contain less TG and FA compared with wild-type controls, and perfusion of these hearts with an inhibitor of ATGL recovers the lipid droplet content, suggesting an interaction between PLIN5 and ATGL in this tissue (32) . These findings indicate that PLIN5 limits lipase actions; however, whether PLIN5 interacts with either ATGL and/or CGI-58 in whole skeletal muscle has yet to be determined.
The precise mechanisms regulating contraction-induced lipolysis in skeletal muscle are poorly understood. Therefore, the purpose of this study was to first determine whether there are any interactions between PLIN2, PLIN3, and PLIN5 with ATGL and/or CGI-58 at rest, and second, to evaluate the effects of lipolytic muscle contraction on these interactions in an isolated muscle preparation. We hypothesized that PLIN proteins would contribute to the regulation of skeletal muscle lipolysis by preventing the interaction of ATGL and CGI-58 at rest.
METHODS

Animals.
A total of 20 male Long-Evans rats (4 -6 wk old, body mass 101 Ϯ 7 g) were used in this study. Animals were housed in groups within the Brock University Animal Facility, where they were maintained on a 12:12-h light-dark cycle at 22°C. The rats were fed a standard rodent diet and had ad libitum access to food and water. All experimental procedures and protocols were approved by the Brock University Animal Care and Utilization Committee and conformed to all Canadian Council on Animal Care guidelines.
Muscle preparation. Animals were anesthetized via intraperitoneal injection of pentobarbital sodium (6 mg/100 g body wt), and then the left and right soleus muscles were removed and placed in organ baths, where they were assigned to one of two experimental groups: 1) rest or 2) electrically stimulated contraction (36) . To briefly summarize the preparation, each soleus muscle was dissected from tendon to tendon, sutures were tied in-situ, and the muscle was then removed and immediately placed in an organ bath (Radnoti Glass Technology, Monrovia, CA), which contained 15 ml of fully oxygenated liquid Sigma medium 199 (M 4530; Sigma-Aldrich, Oakville, Ontario, Canada) and suspended at a resting tension of 1 g. The incubation medium was continuously gassed with 95% O 2-5% CO2, and temperature was maintained at 25°C (2). All muscles were allowed to equilibrate at rest for 30 min. After the initial incubation, the muscles were assigned to either the rest or stimulated group. The soleus was chosen for this set of experiments because it is primarily oxidative in nature (ϳ80% type I fibers) and has previously shown the greatest reliance on lipid metabolism (14, 17, 46) . Further, while PLIN5 is expressed in all skeletal muscles, its expression is highest in more oxidative muscles containing more type I fibers, such as the soleus (71) . These characteristics make the soleus an ideal muscle for investigating the role of PLIN proteins in skeletal muscle lipolysis. Further, the stimulation protocol that was utilized in this study and a previously published study (36) was designed and developed to elicit maximal rates of triglyceride use in the soleus muscle (16) .
Stimulation protocol. Following the equilibration period, the muscles remained at rest or were stimulated to contract for 30 min, as previously reported by our laboratory (36) . Initially, optimal stimulus voltage was determined by assessing force responses (Grass Telefactor force transducer, West Warwick, RI) to single electrical pulses (Grass model FT03 with P11T amplifier). Stimulus intensity was increased from 10 V in 10-V increments, until a plateau in twitch force was reached, after which stimulus voltage was increased to ϳ1.25 of this level. During the 30-min stimulus protocol, muscles received repeated volleys of brief (150 ms) but high-frequency (60 Hz) trains at a train rate of 20 tetani/min (muscles were suspended at 1 g of resting tension throughout). This protocol was previously proven to elicit maximal rates of triglyceride pool turnover and rates of TAG oxidation without the development of fatigue (16) . Throughout this period, muscle force was recorded using Grass Polyview Data Acquisition and Analysis System (Astro-Med, West Warwick, RI) and analyzed using the Polyview Reviewer (Grass Polyview Data Acquisition and Analysis System; Astro-Med).
Coimmunoprecipitation. Soleus muscles were homogenized in Griffin lysis buffer (150 mM NaCl, 50 mM Tris·HCl, 1 mM EGTA) using a 1:25 dilution of muscle to buffer with added protease (11836170001; Roche Diagnostics, Laval, QC, Canada) and phosphatase inhibitor tablets (04906845001; Roche Diagnostics). Protein concentration of the total homogenates was determined using a Bradford assay. Sample homogenates were immunoprecipitated (IP) with 5 l of the appropriate antibody and then immunoblotted (IB) for the corresponding protein. Specifically, 500 -1,000 g of protein from each sample was incubated for 2 h with 5 l of the desired primary antibody at 4°C. Following this, 20 l of Protein G or A-agarose beads (sc-2001, sc-2002; Santa Cruz Biotechnology, Santa Cruz, CA) was added to each sample for overnight incubation at 4°C. The pellet of each sample was then collected by centrifugation at 130 rpm for 5-10 s. Pellets were washed 3 times in PBS and resuspended in 40 l of 2ϫ sample buffer. To test for antibody interference in the samples, a blank sample containing only the precipitating antibody and lysis buffer was prepared in exactly the same manner as the experimental samples. For interactions in which antibody interference occurred, a secondary that only detects native antibodies was used (Clean Blot IP Detection Reagent; Thermo Scientific, Waltham, MA). All samples were then boiled and separated using 8 or 10% SDS-PAGE. As validation that all of our protein of interest precipitated from the sample, pilot work was done in which the supernatant leftover from the IP procedure was Western blotted for the protein of interest.
Western blot analysis. SDS-PAGE (8 or 10% separating; 4% stacking) was used to separate proteins (CGI-58, PLIN2, PLIN3, and PLIN5) at 120 V for 1.5 h, and proteins were electroblotted onto polyvinylidene difluoride membranes (Amersham Biosciences, Piscataway, NJ) for 1 h at 100 V followed by blocking in 2, 3, or 5% fat-free milk in TBST. Primary antibodies for coprecipitated proteins were diluted 1:1,000 in 2 or 3% fat-free milk in TBST and incubated overnight at 4°C. Secondary antibodies were diluted 1:10,000 -20,000 in 2 or 3% milk and incubated for 1 h. Blots of specific proteins were visualized with enhanced chemiluminescence (Amersham Biosciences). The densities of the individual bands were integrated using ImageJ software (http://rsbweb.nih.gov/ij/). Each blot had loaded whole soleus homogenate as a positive control for the coprecipitated protein. Blots were normalized to total protein loaded determined by Ponceau S staining (M530; Sigma-Aldrich), and results are reported as the ratio of the density of the target protein to the density of the loaded protein in arbitrary units (50) .
Antibodies. The following antibodies were used and have been used previously: PLIN2 (52 kDa) mouse monoclonal antibody (cat. no. 610102; Progen Biotechnik, Heidelberg, Germany) (47), PLIN3 (47 kDa) (cat. no. 3883; ProSci, Poway, CA) (47), PLIN5 (52 kDa) guinea pig polyclonal antibody (cat. nos. GP34 and GP31; Progen Biotechnik) (7, 40, 47) , ATGL (54 kDa) (rabbit monoclonal antibody no. 2439; Cell Signaling Technology, Danvers, MA) (1), and CGI-58 (42 kDa) rabbit polyclonal antibody (NB110-41576; Novus Biologicals, Oakville, ON, Canada) (1, 63) .
Statistics. Differences in protein interactions between rest and stimulated muscles were evaluated using two-tailed unpaired t-tests. Statistical significance was set at P Ͻ 0.05. All data are expressed as means Ϯ SE.
RESULTS
Muscle force. Adequate oxygenation and muscle viability were assessed by the ability to maintain force production over the duration of the stimulation protocol (30 min), as previously demonstrated (16, 36, 49) . In our hands, this type of nonfatiguing contraction did not deplete muscle ATP concentrations (36) . The initial isometric force normalized to soleus mass was 86.8 Ϯ 4.1 g/g wet wt (n ϭ 19). During stimulation, force output was recorded at 5-min intervals, and this was noted not to vary by more than 5% of initial isometric force at any point during the protocol. Accordingly, little or no fatigue or muscle degradation was evident in our results, indicating that the muscles remained stable and viable during the entire protocol.
Association between ATGL and CGI-58. ATGL coimmunoprecipitated with CGI-58 at rest and following stimulated contraction. However, following stimulated contraction the amount of CGI-58 protein that coimmunoprecipitated with ATGL significantly increased by 128% (P ϭ 0.041) (Fig. 1) .
Association between PLIN2, PLIN3, and PLIN5 with ATGL. PLIN2, PLIN3, and PLIN5 all coimmunoprecipitated with ATGL at rest and following stimulated contraction. PLIN2 protein content in ATGL immunoprecipitated samples significantly decreased by 21% following stimulated contraction (P ϭ 0.028) (Fig. 2A) .
Similarly, PLIN3 protein content in ATGL-immunoprecipitated samples decreased by 27% following stimulated contraction; however, this decrease was not significant (P ϭ 0.266) (Fig. 2B) . Finally, PLIN5 protein content in ATGL immunoprecipitated samples also decreased by 19% following stimulated contraction; however, this decrease was not significant (P ϭ 0.59) (Fig. 2C) .
Association between PLIN2, PLIN3, and PLIN5 with CGI-58. There was no detectable interaction found between PLIN2 and CGI-58 in PLIN2-immunoprecipitated samples blotted for CGI-58 (Fig. 3A) .
CGI-58 immunoprecipitated with both PLIN3 and PLIN5 at rest and following stimulated contraction. However, there was no change following contraction for either PLIN proteins (P ϭ 0.08 and P ϭ 0.42, respectively) (Fig. 3, B and C) .
DISCUSSION
This is the first study to examine the interactions between PLIN proteins, ATGL, and CGI-58 in whole skeletal muscle at rest and following stimulated contraction in the absence of adrenergic stimulation. Using an isolated muscle technique, we examined interactions of ATGL and its coactivator, CGI-58, with each other as well as PLIN2, PLIN3, and PLIN5. We found that in skeletal muscle, the interaction between ATGL and CGI-58 increases twofold (128%) after 30 min of stimulating contraction. Further novel results from this study show that PLIN2, PLIN3, and PLIN5 all interact with ATGL at rest and following contraction and that only PLIN3 and PLIN5 interact with CGI-58. Further, the interaction between PLIN2 and ATGL is significantly decreased following stimulated contraction, although similar decreases in the interaction of PLIN3 and PLIN5 with ATGL were not significant. These findings support the hypothesis that PLIN proteins may regulate skeletal muscle lipolysis by sequestering ATGL and CGI-58, and it is possible that in skeletal muscle, these PLIN proteins work together in concert to regulate lipolysis. The stimulation protocol used in this study was chosen because it elicits maximal rates of lipolysis in isolated soleus muscle, and we have previously shown that this method leads to a significant decline in IMTGs (16, 36) . This is the first study to show that during lipolytic stimulating contraction in skeletal muscle ATGL and CGI-58 interact. This interaction increased 128% postcontraction consistent with an increased rate of lipolysis during this period (16) . We found that PLIN2, PLIN3, and PLIN5 all interact with ATGL at rest and following stimulated contraction, but the PLIN2-ATGL interaction was the only one to show a significant decrease poststimulation. However, this decrease in the association between PLIN2 and ATGL (21%) does not fully account for the large increase in the association between ATGL and CGI-58 (128%) following contraction. With more than one PLIN protein interacting with ATGL and/or CGI-58, perhaps in skeletal muscle, the PLIN proteins work together as a complex. The results of this study indicate that the roles of PLIN proteins in regulating skeletal muscle lipolysis are much more complex than what is currently understood in adipose tissue. Cell culture studies provide evidence that both PLIN2 and PLIN5 compete with lipases at the lipid droplet surface to lower basal lipolytic rates (3, 33, 65, 67) . Specifically, increasing the expression of PLIN2 and/or PLIN5 in human embryonic kidney cells or AML12 liver cells reduces the rate of basal and PKA-stimulated lipolysis, potentially by interacting with ATGL (3, 33, 65) . Our finding that PLIN2 is associated with ATGL at rest is consistent with previous work indicating that PLIN2 encourages lipid accumulation by inhibiting lipolysis. In general, PLIN2 is found on the lipid droplet surface from the beginning of synthesis and is upregulated in parallel with stored lipid during lipid droplet formation (9, 30, 68) . Cell culture studies (murine fibroblasts, human embryonic kidney cells, McA-RH7777 cells, and primary rat hepatocytes) have also demonstrated that overexpression of PLIN2 encourages lipid accumulation (30, 33, 37) , whereas downregulation of PLIN2 results in elevated rates of basal lipolysis (3) . Further, in PLIN1-null mice, PLIN2 replaces PLIN1 on the lipid droplets (61) , but PLIN2 appears to be a less robust barrier to lipases than PLIN1 (38, 61) . Although PLIN2 is similar to PLIN1 in sequence homology, it has been demonstrated that, unlike PLIN1, PLIN2 is not phosphorylated by PKA (59, 61) . Since PLIN2 was the only PLIN protein in the present study to show a significant decline in ATGL association following contraction, it is possible that this interaction is regulated by a contraction-mediated route rather than a hormonal one. The exact mechanisms regulating the interaction between PLIN2 and ATGL in skeletal muscle needs further study. Our finding that PLIN2 does not interact with CGI-58 is in agreement with a previous study using Chinese hamster ovary (CHO) cells that found that lipid droplets coated with PLIN2 did not recruit CGI-58 to the lipid droplets as effectively as either PLIN1 or PLIN5 (64) . However, there are other studies with conflicting results. Yamaguchi et al. (73) investigated the functions of PLIN2 and performed yeast two-hybrid screening to find any functional partners, finding that CGI-58 can interact with PLIN2. Therefore, it is possible that the lack of interaction may be cell/tissue-specific.
Because of PLIN5 being highly expressed in oxidative tissues, it seems likely that this PLIN protein is involved in the regulation of skeletal muscle lipid droplet dynamics. In PLIN5-null mice, lipid droplets are undetectable in hearts; however, lipid droplets are observed in other tissues, including skeletal muscle suggesting that the role(s) of PLIN5 may differ depending on the individual cell/tissue type. There was no significant difference in TG content in soleus muscle from PLIN5-null mice compared with wild-type controls (small decrease); however, this could be due to the other skeletal muscle PLIN proteins compensating for the loss, or the possibility that more than one PLIN protein is required to fully regulate skeletal muscle lipolysis. Previous work investigating possible interaction partners for PLIN5 has been done with a cell culture model. Using CHO cells, Wang et al. (65) determined that PLIN5 directly binds to ATGL and that PLIN5 is a substrate for PKA, suggesting that phosphorylation of PLIN5 enables lipolysis. The lack of a significant decline in the PLIN5-ATGL interaction seen in the present study may be due to our stimulation protocol, which did not include any adrenergic stimulation to activate PKA. Recently, it was demonstrated that PLIN5 facilitates lipolysis by promoting the colocalization and functional interaction of CGI-58 and ATGL (23, 25) . The same PLIN5 molecule does not bind both at the same time (24) and appears to be responsible for directing CGI-58 to the droplet surface to increase ATGL activity (22) . In the present study, we found that PLIN5 interacts with both ATGL and CGI-58; however, it is not known what proportion of PLIN5 is bound to either ATGL or CGI-58, or whether PLIN5 interacts with both ATGL and CGI-58 at the same time.
Previous to the current work, it was unknown whether PLIN3 interacted with either ATGL or CGI-58. Our results suggest that PLIN3 is also involved in reducing lipolysis through interactions with both ATGL and CGI-58. It has been suggested that PLIN3 plays a role in lipid droplet formation/ growth synthesis by inhibiting lipolysis. This is supported by work using immunofluorescence microscopy in 3T3-L1 cells treated with oleate, glucose, and insulin (designed in increase TG synthesis) finding that PLIN3 moved from the cytosol to the lipid droplet (70) . Moreover, in PLIN2-null mice, PLIN2 on the LD is replaced with PLIN3 (57). To further support a role for PLIN3 in preventing lipolysis and promoting TG synthesis, siRNA knockdown of PLIN3 in PLIN2 knockout mice resulted in reduced number of lipid droplets, reduced incorporation of oleate into TG, and increased incorporation of oleate to phospholipids, where knockout of PLIN2 alone resulted in no change (15) . Interestingly, the sequence of amino acids 191-437 of PLIN3 is similar to the amino acid sequence 200 -463 of PLIN5, which has been found to be the binding site for both ATGL and CGI-58 on PLIN5 (28). Our finding that both PLIN3 and PLIN5 interact with ATGL and CGI-58 in skeletal muscle is consistent with these findings. However, as PLIN3 and PLIN5 are found in the cytosol, as well as on the lipid droplet, it is unknown which population of these proteins is bound to either ATGL and/or CGI-58. Further study in this area is needed to determine these interactions.
Perspectives and Significance
This study examined the interactions of the rate-limiting lipase, ATGL, its coactivator, CGI-58, and three skeletal muscle PLIN proteins at rest and following contraction. This is the first study to demonstrate that in isolated skeletal muscle the interaction between ATGL and CGI-58 is significantly increased following a contraction protocol that lacks adrenergic stimulation. Further, this study provides evidence that in skeletal muscle, both ATGL and CGI-58 are potentially regulated by more than one protein of the PLIN family. Taken together, these data suggest that, the skeletal muscle PLIN proteins, ATGL and CGI-58, may not ever exist in a single complex at rest or during contraction but may instead represent a network of proteins interacting with one another at different times for different purposes. Evidence indicates that all three of these PLIN proteins are associated with mitochondria (7, 29, 45, 67) . It is possible that in skeletal muscle these PLIN proteins work together to control the rate of lipolysis and thus of FA entry into the mitochondria during lipolysis. Understanding the mechanisms by which PLIN proteins contribute to these processes will help to clarify both the physiology of healthy cells and tissues, as well as the pathophysiological basis of some important metabolic diseases. Further research is needed to elucidate the specific roles of skeletal muscle PLIN proteins in regulating lipolysis and FA entry into the mitochondria. 
DISCLOSURES
No conflicts of interest, financial or otherwise, are declared by the authors.
AUTHOR CONTRIBUTIONS
Author contributions: R.E.M., R.V., B.D.R., and S.J.P. conception and design of research; R.E.M. and S.R. performed experiments; R.E.M. and S.R. analyzed data; R.E.M., S.R., R.V., B.D.R., and S.J.P. interpreted results of experiments; R.E.M. and S.R. prepared figures; R.E.M. drafted manuscript; R.E.M., S.R., R.V., B.D.R., and S.J.P. edited and revised manuscript; R.E.M., S.R., R.V., B.D.R., and S.J.P. approved final version of manuscript.
